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57: Summary 

Subject: To provide a method for fabricating a magnetic head 
comprised by different materials so that the recording surface 
opposite to the recording medium will have minimum difference 
in fabrication height. 

Means for solving the problem: Attach a correction ring and 
a dummy workpiece on a disk table having a ceramic surface layer, 
and while rotating the disk and dripping a liquid containing 
abrading particles on the rotating disk, detached particles 
are removed and the disk is pretreated by dripping a liquid 
containing no abrading particles, and a correction ring and 
a magnetic head as an object to be polished are attached to 
the pre-treated disk, and the assembly is fabricated by rotating 
the disk assembly and dripping a liquid containing no abrading 
particles. 
[Claims] 

1. A method for fabricating a floating surface of a 
magnetic head opposing a recording medium by lapping, 
comprising the steps of: pre-treating a disk table by mounting 
a correction ring and a dummy workpiece on a disk table having 
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a ceramic surface and rotating the disk table while supplying 
a liquid containing abrading particles, removing free 
particles from the disk table, and rotating the disk table while 
supplying a liquid not containing abrading particles; and 
mounting the correction ring and the magnetic head on the 
pre-treated disk table to fabricate the magnetic disk by 
rotating the pre-treated disk table while supplying a liquid 
not containing abrading particles - 

2. A method according to claim 1, wherein said 
pre-treating comprises the steps of: rotating the disk table 
while supplying a liquid containing abrading particles, 
removing the dummy workpiece; self-rotting the correction ring 
on the disk table while supplying water to wash off the disk 
table surface; wiping off water remaining on the disk table; 
mounting the dummy workpiece once more; rotating the disk table 
while supplying water; removing the dummy workpiece once more; 
self rotating the correction ring to wash off the surface of 
the disk table. 

3 - A method according to one of claim 1 or 2 , wherein 
said magnetic head is fabricated by mounting the magnetic head 
inside the correction ring on the disk table and rotating the 
disk table while supplying a liquid containing no abrading 
particles while cleaning the disk table by means of a disk table 
cleaning device. 

4 . A method according to one of claim 1 , 2 or 3 , wherein 
said disk table is fabricated into a convex shape and the surface 
of the disk table has fine holes distributed essentially over 
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the entire surface so as to permit abrading particles to 
infiltrate into the holes . 

5. A method according to one of claim 1,2, 3 or 4 , 
wherein said dummy workpiece is made of a same material as the 
magnetic head and has a fabrication surface area that is larger 
than a fabrication area of the magnetic head. 
[Detailed Explanation of the Invention] 
[0001] 

[Technological Field of the Invention] 

This invention relates in general to methods for lapping 
the surface of a magnetic head opposite to the recording medium, 
and relates in particular to a method applicable to a composite 
magnetic head comprised by different materials such as 
protective film and metallic magnetic materials on the 
substrate surface . 
[0002] 

[ Conventional Technology ] 

A method of lapping the floating surface of a magnetic 
head is to lap fabricate the surface by supplying a lapping 
solution containing abrading particles at a steady rate on a 
metallic disk made of a soft material such as tin (reference 
1) . Also, a method of minimizing the height difference on the 
floating surface of a composite magnetic head made of different 
materials is to perform rough polishing first using a polishing 
solution containing abrading particles, and this process is 
followed by lapping process using a liquid containing no 
abrading particles. Such a method has been reported in a 
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Japanese Laid-open Patent Publication No . 03-92264 (reference 
2). A method of minimizing the height difference on the 
composite material and minimizing the degradation of the disk 
table has been reported in a Japanese Laid-open Patent 
Publication No. 05-9227 (reference 3), in which a ceramic disk 
table is used for lapping , where the disk has alumina as its 
primary constituent and fines holes are evenly distributed on 
its surface allowing the abrading particles to enter the hole. 
[0003] 

[Problem to be Solved] 

Figures 2 and 3 show a composite magnetic head comprised 
by a substrate base 10 of alumina-titanium carbide, an alumina 
protective film 13 and a magnetic film 12 made of a magnetic 
material such as Permalloy. When such a magnetic head 1 is 
lapped by a conventional method, shown in Figure 8, the 
protective film 13 that is softer than the base 10 and the 
magnetic film 12 that is softer than the protective film 13 
are fabricated selectively by the detached free abrading 
particles, resulting in height difference of the order of 1000 
angstroms, and producing defects such as edge rounding and many 
scratches on the fabricated surface. 
[0004] 

In reference 2, because abrading particles are not used 
in the finish fabrication, it is reported that edge rounding 
and height differences are reduced. However, because rough 
fabrication and finish fabrication are both performed 
continually using the same disk table, residual free particles 
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remain during the finish fabrication. Also, because free 
particles are imbedded at the same time as performing rough 
fabrication, the imbedded area represents only a small fraction 
of the total disk area, and the degree of imbedding the particles 
is determined by the manner in which rough fabrication is 
performed. Under such a condition, it is difficult for the 
particles to be imbedded in the disk highly uniformly and 
densely. For this reason, it is not possible to reduce the 
height difference consistently and height differences of the 
order of 200 angstrom are produced. Further, it is difficult 
to obtain consistent lapping efficiency. Further, because the 
disk is made of a soft metallic material, metallic contaminants 
can adhere to the floating surface of the magnetic head 
resulting from contact between the disk and the magnetic head 
during the fabrication process. 
[0005] 

On the other hand, in reference 3, because the disk is 
made of a hard ceramic material containing alumina as its 
primary constituent, the degradation of the disk shape can be 
avoided, but conversely, it is difficult to produce a disk 
having an appropriate degree of concave curvature. In order 
to avoid sticking of magnetic head to the recording medium and 
to reduce friction between the two, the surface of the floating 
head is shaped to have a slight convex curvature. To produce 
such a shape on the magnetic head, the surface profile of the 
disk must be slightly convex so that the curvature can be 
transferred to the floating surface during the lapping process. 
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However, because of the high hardness of the ceramic disk, it 
is difficult to produce the required degree of curvature by 
machining the ceramic disk. Also, abrading particles can only- 
enter where the holes are, so that it is difficult to obtain 
high density of imbedded particles. 
[0006] 

The purpose of this invention is to provide a precision 
lapping method suitable for fabrication of the floating surface 
of a composite magnetic head so as to minimize height difference , 
edge rounding, surface scratches and cross contamination of 
the magnetic head by soft metals, so that the method is 
applicable to a high productivity production line. 
[0007] 

[Means for Solving the Problem] 

This invention is based on a primary method for 
fabricating a floating surface of a magnetic head opposing a 
recording medium by lapping, comprising the steps of: pre- 
treating a disk table by mounting a correction ring and a dummy 
workpiece on a disk table having a ceramic surface and rotating 
the disk table while supplying a liquid containing abrading 
particles, removing free particles from the disk table, and 
rotating the disk table while supplying a liquid not containing 
abrading particles; and mounting the correction ring and the 
magnetic head on the pre-treated disk table to fabricate the 
magnetic disk by rotating the pre-treated disk table while 
supplying a liquid not containing abrading particles. 
[0008] 
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Further, magnetic head may also be fabricated by mounting 
the magnetic head inside the correction ring on the disk table 
and rotating the disk table while supplying a liquid containing 
no abrading particles while cleaning the disk table by means 
of a disk table cleaning device. Further, disk table may be 
fabricated into a convex shape and the surface of the disk table 
has fine holes distributed essentially over the entire surface 
so as to permit abrading particles to infiltrate into the holes . 
Further, the dummy workpiece may be made of a same material 
as the magnetic head and has a fabrication surface area that 
is larger than a fabrication area of the magnetic head. 
[0009] 

[Preferred Embodiments] 

Figures 2 and 3 show a composite magnetic head. The base 
10 comprised by alumina-titanium carbide is coated with an 
alumina protective film 13 and Permalloy magnetic film 12, which 
have different respective hardness values. In the following 
explanation, it is assumed that the floating surface 11 has 
already been processed by rough fabrication separately to 
obtain the required degree of dimensions, so that the process 
is concerned only with finish fabrication of the floating 
surface 11. In Figure 1, the disk table 2 is constructed such 
that the ceramic material is machinable or at least the surface 
is made of a ceramic material. Ceramic materials include 
fluoride-based ceramics and silicate glass ceramics, and if 
the hardness is compatible, they may include aluminum titanates , 
aluminum nitrides. Holes of diameter or width of several 
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micrometers to several tens of micrometers surface are 

uniformly, distributed on the disk surface. 

[0010] 

First, the disk surface of the disk 2 is machined so that 
the required degree of concave curvature is produced to match 
the convex curvature of the floating surface. This machining 
process may be performed by using diamond bit and NC machining. 
The machined disk 2 is attached with a correction ring 4, and 
GC or WA abrasives are periodically dripped on the rotating 
disk to remove surface scratches. 
[0011] 

Finish fabrication of the disk is performed in three 
stages. In the first stage, abrasive particles 3 are imbedded 
on the disk 2. A dummy workpiece 7 is mounted on a lap ring 
5 using a wax or an elastic part such as silicone or vinyl 
chloride so that the dummy workpiece 7 faces the disk surface 
and rotates freely inside the correction ring 4. The opposite 
surface is loaded with a weight 9 . It is preferable that the 
correction ring 4 be made of a ceramic material such as alumina 
or zirconia. The dummy workpiece is made of alumina-titanium 
carbide which is the same material as the substrate base, and 
the contact area between the disk 2 is made larger than the 
fabrication area, preferably more than twice the area of the 
magnetic head 1 . 
[0012] 

Lapping is carried out while rotating the disk 2 at 10-50 
r.p.m., and dripping a liquid 3 containing abrasives (referred 
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to as lapping liquid) at a given rate. The lapping liquid 3 
is a suspension comprised by a liquid medium of glycol and water 
with a dispersion of diamond particles. Abrasives may include 
GC particles and WA particles. The lap ring 5 having the 
correction ring 4 and the dummy workpiece 7 fixed thereon can 
self rotate on the disk 2 (driver not shown). Therefore, the 
lapping liquid 3 is distributed more or less uniformly on the 
surface of the disk 2 by the correction ring 4 , and the particles 
infiltrate into the spaces between the disk 2, correction ring 
4 and the dummy workpiece 7 and become imbedded in the disk 
surface. The dummy workpiece 7 is weighted by the weight 9 to 
facilitate the imbedding process. As shown in Figure 4, a 
portion of the particles 31 are imbedded on the disk surface 
21 by the actions of the correction ring 4 and the dummy 
workpiece 7, and enter the cavity of the holes, thus producing 
a fixated particles 30 that are not readily dislodged. 
[0013 ] 

Next, free particles 31 and machining debris are removed 
by washing to leave the fixated particles 30 on the disk 2, 
and Figure 5 shows a cleaned disk 2. After the process of 
imbedding is completed, the lap ring 5 with the attached dummy 
workpiece 7 is removed from the correction ring 4, and water 
8 is sprayed on the surface of the disk 2 while rotating the 
disk 2. This operation serves to wash off the free particles 
31 adhering to the surface of the disk 2 and the lower surface 
of the correction ring 4 by water 8 , and are removed from the 
surface of the disk 2 by the centrifugal forces caused by the 
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rotation A of the correction ring 4 and the rotation B of the 
disk 2. Then, as shown in Figure 6, remaining free particles 
31 are removed from the disk surface by wiping the surface of 
the disk 2 with a wet chamois such as chamois leather 6 or a 
sponge like towel in the direction of the arrow C to absorb 
the particles in the chamois 6. 
[0014] 

In the second stage process, the cutting edge of the 
imbedded particles are aligned uniformly by lapping. The lap 
ring 5 with the dummy workplace 7, which was used in imbedding 
the particles and attached to the ring 5, is placed inside the 
correction ring 4 so as to face the disk 2, and the disk 2 is 
subjected to lapping using a liquid containing no particles 
(referred to as lubricating liquid). The lubricating liquid 
33 may include glycol based solvent mixed with water. Before 
this treatment, the dummy workpiece 7 is washed thoroughly to 
remove. the attached particles. By this operation, the surface 
of the disk 2 is prepared so as to obtain fixated particles 
3 0 imbedded in the cavities and the peaks of the particles are 
leveled off so that the surface is approximately level, and 
unf ixated particles 31 are removed from the surface of the disk 
2. In this condition, the cutting edges of the particles have 
been conditioned by the dummy workpiece 7, and because the 
material of the dummy 7 is the same as the magnetic head so 
that during the fabrication of the magnetic head, less damage 
is inflicted on the floating surface. 
[0015] 
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Then, the lap ring 5 with dummy workpiece 7 is taken out 
of the correction ring 4, and water 8 is sprayed on the disk 
2 while rotating the disk 2. This operation removes free 
particles 31 adhering to the disk surface and the lower surface 
of the correction ring 4 by the flowing water 8 and are removed 
from the surface of the disk 2 by the centrifugal forces caused 
by the rotation A of the correction ring 4 and the rotation 
B of the disk 2 to further clean the disk 2. The stages 1 and 
2 outlined above are pre-treatment processes for stage 3 to 
be described below. 
[0016] 

Stage 3 is a lapping process to fabricate the floating 
surface 11 of the magnetic head 1, . which is the actual object 
of device fabrication. As shown in Figure 9, device 
fabrication step is carried out using only the particles 
imbedded in the cavities and on the surface of the disk 2. As 
shown in Figure 7, a plurality of magnetic heads 1 are arranged 
separately on the lap jig 15 by bonding them to a holder ,14 
with an elastic material such as silicone or vinyl chloride 
based elastomer. The lap jig 15 is inserted into the correction 
ring 4 so that the magnetic head 1 faces the disk 2, and rotate 
the disk 2 while dripping the lubricating liquid 33 on the disk 
2. The magnetic head 1 is pressed against the disk 2 by the 
own weight of lap jig 15 or by adding a weight 9. Lapping is 
carried out for a certain length of time at a rotational speed 
of 5-50 r.p.m. The lubricating liquid used for this purpose 
may be the same as the one used in the second stage process, 
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but may be changed as appropriate. The pressing acts to 
elastically deform the contact section of the magnetic head 
1 held in the holder 14 so that a uniform pressure can be applied 
to the magnetic head 1. A uniform film of lubricating liquid 
is formed by the correction ring 4 on the surface of the disk 
2, thus reducing the contact area between the surface 21 of 
the disk 2 and the floating surface 11 of the magnetic head 
11 . 

[0017] 

As described above , at least the surface layer of the 
disk 2 is made of a ceramic material so that, even if the surface 
of the disk is damaged due to contact with the magnetic head 
1 and other causes, burr-like protrusions , that are of ten formed 
in soft metallic disk, are not formed, and any such damage will 
cause the surface material to fall off. The detached pieces 
do not often stick to the disk, and even if they became attached 
to the disk, they are easily removed during lapping. Therefore, 
there is hardly any chance that foreign particles attach 
themselves to finished products, in particular metallic 
particles, such as detached metallic pieces. In the meantime, 
although detached pieces are prone to cause scratches on the 
magnetic head 1, but a cleaning device is provided for cleaning 
the disk surface, as shown in Figure 10. A sweeper 60 made of 
an elastic material is provided on the disk 2 as a disk cleaning 
means, and a cleaning ring 54 having a polishing pad 55 is 
attached as a cleaning means also, which are used to sweep off 
any particles detached from the disk 2. The cleaning ring 54 
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is constructed so that it may self-rotate as the disk is rotated 

(driver is not shown). 

[0018] 

As described above, the present disk table not only has 
imbedded abrading particles but the particles are agglomerated 
so that the clustering power of the abrading particles is strong 
so that there is hardly any diversion or falling off of particles , 
and the productivity of the third stage is improved 3-5 time 
the conventional productivity derived from soft metal-based 
disks. However, as the third stage is repeated many time, there 
is a tendency for the particles to fall off or worn out through 
use to reduce the number of particles held on the disk 2 that 
can actively contribute to the fabrication process . This cause 
not only a drop in productivity but also the cutting edge is 
dulled so that the height differences increase and flatness 
of the surface can suffer. Therefore, it is necessary to 
periodically refresh the supply of the particles on the disk 
surface . 
[0019] 

Addition imbedding is performed in the same manner as 
before in the case of pre-treating the disk surface. In such 
a case, the length of imbedding process can be shortened. This 
process refreshed the cutting surface of the disk 2 , fabrication 
efficiency is increased and a precision fabricated surface can 
again be obtained. Accordingly, after performing first and 
second fabrication steps, the third fabrication steps can be 
repeated a number of times, without lowering the lapping 
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productivity, "to provide a lapping process that produces a 
product with small height differences and does not contaminate 
the product with metallic pieces. 
[0020] 
[Examples ] 

Some examples will be demonstrated. The magnetic head 
1 was a composite material comprised by a base material 10 
containing alumina-titanium carbide (Al 2 0 3 -TiC, 2200 Hv) , a 
protective film 13 comprised by alumina, a magnetic film 12 
comprised by Permalloy (180 Hv) . The disk table 2 was produced 
from an integral unit of fluoride base material and silicate 
glass having an apparent density 1-5 g/cm 3 , of essentially zero 
water absorption, or preferably zero water absorption, and 
having a compressive strength of 3500-500 kgf /cm 2 and hardness 
of 150-300 Hv. Fine holes of a diameter 10 m were uniformly 
distributed on the disk surface. Surface fabrication of disk 
table 2 was carried out by NC machining. Machining bit was 
either a diamond chip or a sintered diamond chip, and rough 
fabrication and finish fabrication steps were carried out to 
produce a surface finish Ra of about 2//m. Then, correction 
lapping was performed to produce a surface roughness on the 
disk surface of less than 0.3/zm. Figure 11 shows results of 
height differences produced on the magnetic head after 
fabrication processing. The horizontal axis relates to 
surface roughness of the disk table. From these results, it 
can be seen that by improving the surface roughness of the disk 
to a finish of less than 0.3,am Ra, the height differences are 
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reduced to an average value of about 5 0 angstroms. 
[0021] 

The lapping time for the first stage processing was chosen 
to be 60 minutes. Figure 12 shows a relation between the 
imbedding time and fabrication efficiency, Figure 13 shows a 
relation between imbedding time and frequency of producing 
scratches on the floating surface 11 of the magnetic head 1. 
It can be seen that the imbedding time of 15 minutes is 
sufficient to produce 0.2//m/min of fabrication efficiency, 
which does not change thenafter, however, from the viewpoint 
of scratches, 15 minutes is not sufficient and 60 minutes or 
more is preferred. The lapping time for cutting edge 
conditioning was chosen to be 90 minutes. Figure 14 shows 
experimental results on lapping time and fabrication 
efficiency, and Figure 15 shows experimental results on lapping 
time and height difference. Fabrication efficiency decreases 
as lapping time is increaised, but the height difference is an 
average of about 105 angstroms after 3 0 minutes of lapping, 
but the results improves to 25 angstroms after 90-120 minutes 
of lapping. The results indicate that 60-90 minutes is 
preferred for the cutting edge conditioning in the second stage 
process. 
[0022] 

When the floating surface of the magnetic head 1 .was 
lapped under the conditions described, scratch generation rate 
on the floating surface was 3 %, which was essentially the same 
as the value for conventional metal disks containing primarily 
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tin- Also, the height difference between the metallic base 
material containing primarily tin and the protective film 
formed on the disk table, height difference between the floating 
surface 11 of the base material 10 and the magnetic film 12 
as well as the edge rounding of the protective film 13 were 
less than about 50 angstroms in both cases. 
[0023] 

[Effects of the Invention] 

In the present method of lapping, the height differences 
between the base material of the floating surface to the 
protective film and to the magnetic film, and edge rounding 
of the protective film are both less than 50 angstroms, and 
scratches on the protective film are reduced and high precision 
fabrication can be performed, as well as the fact that once 
the particles are imbedded in the disk table, the fabrication 
efficiency is not reduced compared with the conventional 
metallic disks. For these reasons, server life of the disk is 
increased as much as 3-5 times. Even if the efficiency 
decreases, it can be recovered by re-imbedding the particles 
on the disk surface to continue to provide precision fabrication 
without cross contamination from soft metals. 
[Simple Explanation of the Drawings] 

Figure 1 is a schematic diagram of the present lapping method. 
Figure 2 is a schematic diagram of a magnetic head. 
Figure 3 is a cross sectional view through a plane A-A in Figure 
2. 

Figure 4 is a schematic diagram of fabrication stages in Figure 
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1 . 

Figure 5 is an illustration of disk cleaning step in the present 
method* 

Figure 6 is an illustration of disk wiping step in the present 
method. 

Figure 7 is a diagram to explain attachment of a magnetic head. 
Figure 8 is an illustration of the conventional lapping method. 
Figure 9 is an illustration of the present method of lapping. 
Figure 10 is an illustration of the fabrication process of a 
magnetic head. 

Figure 11 is a graph of disk surface roughness and fabrication 
height difference. 

Figure 12 is a graph of imbedding time and fabrication height 
difference. 

Figure 13 is a graph of imbedding time and scratch generation 
rate . 

Figure 14 is a graph of second stage lapping time and fabrication 
efficiency . 

Figure 15 is a graph of second stage lapping time and the 
fabrication height difference. 
[Explanation of the Reference Numerals] 

1 magnetic head 

2 disk table 

3 lapping liquid 

4 correction ring 

5 lap ring 

7 dummy workpiece 



17 



10 


substrate base 


11 


floating surface 


12 


magnetic film 


13 


protective film 


14 


holder 


15 


lap jig 


30 


fixed particles 


31 


free particles 
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